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SUMMARY 
Investigation of the Kinetics of Crystall ization of 
Molten Binary a d  Te,m=ry oxide 3pteii;s 
Quarterly Status  Report No. 3 - March 1, 1966 through May 31, 1966 
Contract No. NASW-1301 
The th,rd quarter ' s  research increased the nun-er of glass  compositions under 
consideration from 45 t o  69, the number of glass batches melted at least once 
from 40 t o  57, the number of glasses characterized by measurement of Young's 
modulus from 5 t o  15 and those characterized by viscosi ty  measurements from 3 t o  
13. However, the value of 15  x 10 pounds per square i.n& nhtnined ic the masxe-  
ment of the Young's modulus of the  f irst  oxide system selected f o r  investigation 
(MgpU4Sipl8) has not been bet tered as yet.  
6 
The equipment used f o r  the dynamic measurement of Young's modulus has been 
great ly  improved t o  permit the measurement of r e s o n k t  frequencies of glass  rods 
over the  range of 1000 t o  40,000 cycles per second (Hz). 
The modified contract negotiated May 23, 1966 provides an extension i n  the 
contractural  period from 12 t o  21  months as w e l l  as making possible an increase 
i n  the rate of e f fo r t .  
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Ih'TIIODUCT ION 
This report i s  the t h i r d  quarterly l e t t e r  report f o r  Contract NASW-1301, 
The primary objective of t h i s  program i s  t o  gain a b e t t e r  under- 
"Investigation of the Kinetics of Crystall ization of Molten Binary and Ternary 
Oxide Systems." 
standing of the essent ia l s  of glass  formation by measuring the ra te  at which 
c rys ta l l iza t ion  occurs and the e f fec ts  of anti-nucleating agents on the observed 
crys ta l l iza t ion  ra te  for systems which tend t o  form complex three-dimensional 
structures.  Glass formation i n  t h i s  research is, therefore, regarded as a r a t e  
phenomenon where the probabili ty of such glass  formation i s  great ly  increased by 
employing cooling r a t e s  high enough t o  defeat the  formation of the complex many-atom 
?.hree-dimensional nolecule. This view of glass  formation j u s t i f i e s  the consideration 
of oxide systems previously thought impract.ical and allows the search fo r  systems 
which may yield high strength, high modulus glass f ibers  t o  be carried out on an 
unusually broad basis .  
PREPARATION OF GLASS SYSTENS FOR PRELIMINARY EVALUATIOM 
Douglas (Ref. 1) recapitulates the Zachariasen ru les  re la t ing  the probability 
of a glass  formation t o  the structure of the crystal l ine form of the  material  as: 
1. 
3. The oxygen polyhedra share corners with each other, not edges or faces 
4. 
An oxygen atom i s  linked t o  not more than two atoms, A; 
2.  A mist. be sriaii; 
and form three-dimensional networks; 
A t  l e a s t  three corners i n  each oxygen polyhedra must be shared. 
A large number of the glasses prepared i n  the t h i r d  period of t h i s  report 
belong t o  novel glass systems developed by Stevels (Ref. 1) and called by him 
"invert" glasses. These glasses which may contain as l i t t l e  as 34 mol $ s i l i c a  
and whose mechanical properties have never previously been studied as far as is  
known controvert Zachariasen's rules  3 and 4. The composition of these glasses 
i s f r e  quent l y  
ions per Si04 
indicated by a parameter Y designating the  average number of bridging 
tetrahedron and calculated from the expression 
200 
P 
y = 6 - -  where P = Mol $I Si02 
r Ref. 1 Burke, U .  E. :  Progress i n  Ceramic Science, V o l .  I, Chapter 5 ,  R. W.  Douglas, 
The Properties & Structure of Glasses, Pg. 203-204, Pergamon Press, New 
York, 1961 
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so tha t  when P = 33-1/3, Y = 0 and the Si04 groups are isolated; when P = w, Y = 1 
and on the  average Si04 groups appear in pairs .  Properties of these glasses such as 
the  viscosi ty  at a given temperature, the viscosity activation energy, thermal 
expansivity, e l ec t r i ca l  deformation loss go through extreme values when the parameter 
Y passes through the value of 2.0. There i s  every reason, therefore, t o  believe tha t  
mechanical properties such as Young's modulus w i l l  show a similar "parabolic" curve 
when plot ted against the parameter Y. 
With these considerations f i f i een  "invert" glasses were prepared i n  three ser ies  
of f i ve  each. 
silica-titania-mixed alkaline earths,  silica-zirconia-mixed alkaline earths.  While 
characterization of these glasses i s  not yet complete, two members of each se r i e s  
have been evaluated without any evidence of increased modulus. 
The three ser ies  were respectively silica-lead-mixed alkaline earths, 
PROCEDURES FOR CHARACTERIZING GLASS SYS- INVESTIGATED 
The kinet ics  of c rys ta l l iza t ion  of the  glass  systems investigated under t h i s  
contract are determined by measurement of the e l e c t r i c a l  r e s i s t i v i t y  and viscosi ty  
of the system i n  question accompanied by spot checks at selected temperatures of 
t he  surface tension of the molten oxides. These measurements plus the measurement 
of the  e l a s t i c  modulus of the  bulk-glass at room temperature serve t o  characterize 
the  glass  systems studied. I n  t h i s  th i rd  quarterly report, the improved apparatus 
used t o  evaluate Young's modulus i s  discussed i n  d e t a i l  and the progress with the  
o the r  measurements i s  summarized briefly.  
VISCOSITY AND ELECTRICAL RESISTIVITY MEASUREMENTS 
I n  the second quarterly l e t t e r  report the method of using the  viscometer 
together with tungsten shaft  and spindle t o  measure viscosi ty  a t  various tempera- 
t u r e s  w a s  described in de ta i l .  In t h e  f i r s t  quarterly l e t t e r  report, the  procedure 
f o r  measuring the e l ec t r i ca l  conductivity of the  melt as a continuous function of 
temperature by means of a tungsten conductivity c e l l  with cent ra l  b a l l  electrode 
w a s  likewise described i n  de ta i l .  Since both systems use the same tungsten 
crucibles with e i the r  a rotat ing tungsten spindle or tungsten ball i n  the exact 
center of the crucible, it w a s  hoped that the two measurements could be made 
simultaneously thus ensuring exact correlation. 
methods of making minimum f r i c t i o n  e l ec t r i ca l  contact t o  the  rotat ing viscometer 
In the t h i r d  quarter numerous 
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spindle and shaft  were investigated including b a l l  bearings, brushec, and similar 
methods but a l l  methods investigated were found t o  be unsatisfactory because of 
non-reproducible e f fec ts  on the viscometer readings caused by drag. 
appear possible, therefore, t o  make the two measurements simultaneously and we 
s h a l l  continue t o  carry them out separately. 
It does not 
In t h i s  t h i r d  report period, t he  number of glasses fo r  which viscosi ty  curves 
have been measured was increased from 3 t o  13. 
ELASTIC MIDULUS MEASUREMENTS 
The equipment used f o r  measurement of Young's modulus described i n  our first 
quarterly report w a s  en t i r e ly  sat isfactory i f  glass  samples two inches o r  greater 
i n  length w e r e  available. But f o r  many glasses without spending undue lengths of 
time working out the proper annealing cycle, the  longest lengths available are 
only approximately one inch. To carry out significant measurements on such short 
samples it was  necessary t o  put together equipment capable of operating at much 
higher frequencies. This i n  turn meant purchasing much higher f i d e l i t y  components. 
Equipment selected f o r  improved measurements are shown in Fig. 1. This 
system shown as a block diagram measures the resonant frequency of glass  rods in 
the  region between 1000 and 40,000 Hz. 
f o r  t he  fundamental resonance by t h i n  f lexible  supports t ha t  have a resonant 
frequency below 1000 Hz. A 30 w a t t  driver uni t  below the  center of the sample 
drives a column of air  which i n  turn  excites the sample. 
of the  end of the bar i s  detected by the transducer, a high quality semiconductor 
phonograph cartridge and tone arm adjusted fo r  a tracking force of approximately 
0 .1  gram. The d i f f e ren t i a l  output from the  transducer i s  amplified by a pre- 
amplifier which also supplies excitation t o  the transducer. 
preamplifier i s  passed through a high pass  R-C f i l t e r  t o  remove low frequency 
noise due t o  building and support vibrations and i s  amplified i n  a guarded differen- 
tial amplifier. 
drive the  ve r t i ca l  axis of an x-y recorder. 
The sample i s  supported at the  nodal points 
The ve r t i ca l  displacement 
The output of the 
This amplified s ignal  i s  displayed on a CRO and peak detected t o  
Primary excitation i s  supplied t o  the dr iver  un i t  by a variable frequency 
audio osc i l l a to r  through an audio amplifier. A potentiometer mechanically coupled 
t o  the frequency control on the osc i l la tor  suppliesa d-c voltage t o  the horizontal 
axis  of the x-y recorder proportional t o  the logarithm of the driving frequency. 
4 
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With the  above system, any spurious resonances due t o  the dr iver  unit ,  t rans-  
ducer o r  supporting structures w i l l  appear the same f o r  different  samples and can 
%bus be eliminated from the data by the operator. Resonances with amplitudes smaller 
than those from extraneous sources can be eas i ly  resolved by comparative recordings 
f o r  different  sample lengths. 
The overal l  system has a frequency response from 3000 t o  40,000 Hz with an 
amplitude var ia t ion of 3db. 
This equipment was  used t o  measure Young's Modulus for  t en  new exper ixents l  
giass  batches during the t h i r d  report period. 
Personnel active on t h i s  program during t h i s  period were James F. Bacon, 
pr incipal  investigator and Norman J. Chaniberlain, Senior Experimental Technician. 
They were aided repeatedly throughout the period by Louis J. Tempel, Jr. of the 
UACRL Instrumentation Section. 
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